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TITLE OF THE INVENTION 

PROCESS TO CHER AL BETA-AMENO ACID DERIVATIVES BY 
ASYMMETRIC HYDROGENATION 

FIELD OF THE INVENTION 

The present invention relates to a process for the efficient preparation 
of enantiomerically enriched beta-amino acid derivatives which are useful in the 
asymmetric synthesis of biologically active molecules. The process comprises an 
enantioselective hydrogenation of a prochiral beta-amino acrylic acid derivative 
precursor in the presence of a transition metal catalyst complexed with a chiral 
ferrocenyl diphosphine ligand. 

BACKGROUND OF THE INVENTION 

The present invention provides an efficient process for the preparation 
of an enantiomerically enriched beta-amino acid derivative of structural formula I: 

NH 2 O 

having the or ^-configuration at the stereogenic center marked with an *• 
wherein , ' ■ 

ZisOR2 SR2,orNR2R3 ; 

R* is Ci_ 8 alkyl, aryl, heteroaryl, aryI-Ci- 2 alkyl. or heteroaryl-C i 2 alkyl- 
R2.and R3 are each independently hydrogen, Ci- 8 alkyl, aryl, or aryl-Ci. 2 'alkyl; or 
R2 and R3.tp g ether with the nitrogen atom to which they are attached form a 4- to 7, 

s^Tfr he nT Cli ^ S? SyStem ° PtibnalIy C ° Mainin ^ ap additional heteroatom • 
selected from O, S, andNCi.4 alkyl, said heterocyclic ring system being optionally 

fused wrth a 5- to 6-membered saturated or aromatic carbocyclic ring system or a 5- 
to 6-membered I saturated or aromatic heterocyclic ring system containing one to two 
heteroatoms selected from O, S, and NC 14 alkyl, said fused ring system being 
unsubstituted or substituted with one to two substituents independently selected from 
hydroxy, ammo, fluorb, C,_4 alkyl, C M alkoxy, and trifluoromethyl 

The process of the present invention relates to a method for the 
preparation of chiral beta-amino acid derivatives of structural formula I in an efficient 

:> ' •' -1- . 
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Z^ leCUVe T * tra " S ' HOn hydrogenation of, 

prochiral enarmne of structural formula n: . :.• 

NH 2 O 

therein ,he enamine ami™, group is unprotected, j„ me of , M .> 

ferrocenyldiphosphineligand. . • 

i. J, J' Ame *° df0raS5 ^ Wc-1 > , ^ uoi "i e n™inecarbc>n^arbon 
bonds (CC-N) using cMral fe^ceny, diphosphines as iigands compiexed 1 
rhodrum or .ridium catalyst has been described in me parent literature (See U S 

No. 5 563.309 issueti Oct 8, 1996 „ dba-Ceigy Corp. and theL, Jdlra* 
of patents and patent applications). A rotaed approach to Ar-acylaled beta amino ? 
acds usmg a rhodium Me-DuPHOS caralys, complex has also published (u S 
^S^pubUahedonSept 12. 2002 assist, ,„ Degu J A Growing 
pub rcauons also describe me asymmetric hydrogenation of »-acy,ated bota-amT 
aeryhc :ac,ds with rhodium catalysts comp,exed to a chiral phospbin. %an<t ™ t 
e, a., Bi! « J £ D e Bt Socj aM!> 53: 1 ,36-1 151 (1980); (2) G L et a V ' 
, Cxg^hso,, 64: 6907*910 (1999); and (3) W. D. Lube.,, e, 1 Tetrad 1 
A^m«, 2: 543-554 (1991). In these pubncatibns all me exam^s^Toed have 
me enamme ammo group in me beta-amino acrylic acid derivative precuraor 
protected as an acetemide derivative. The requirement for amine protection 
mteoduces .wo addiriona, chemical steps into the sequence, namely protection and 

^J* m d * eS ^ iSO, ^ Pro ^- ta ^™/*obemfficu, L The 
in^he^uh fr't * > ' 6Se " t ,n, ' ent ' on circumvents the need for protecting the amino group' 

mmesubatrateformeasymmehichydrogenaUonreactionandproceeoswim 
excellent reactivity and enantioselectivity. 

SUMMARY OF THE INVENTION ' 

ofenan.omencallyenrichedbeta-arninoaciddenvativesofstruct^ The 
process uUHzes an -symmetric hydrogenation of a prochiral beta-amino acrylic acid , 
denvat.ve.wheremtheenamineaminogroupisunpro^ , 
transmon metal catalyst compiexed With a chiral ferrocenyj diphosphine ligand The 



********* *u*mu 



) 



process of the present invention is applicable to the preparation of beta-amino acid 
. derivatives on a pilot plant or industrial scale. The beta-amino acids are useful to 
prepare a wide variety of biologically active molecules. 

DETAILED DESCRIPTION OF THE INVENTION 

. The present invention provides an efficient process for the preparation 

of an enantiomerically enriched beta-amino acid derivative of structural formula I: 

NH 2 O 

having the (/?)- or (S)- configuration at the stereogenic center marked with an *• 
. in an enantiomeric excess of at least 70% over the opposite enantiomer, wherein 
Z is OR2 SR2, or NR2R3; 

R2 and R3 ^ eac h independently hydrogen, C M alkyl, aryl, or aryl-Ci-a'alkyl; or 
R2 and R3 together with the nitrogen atom to which they are attached form a 4- to 7- 

selected from O. S, and NC W alkyl, said heterocyclic ring system being optionally 
fused with a 5- to 6-membered saturated or aromatic carbocyclic ring system or a '5. 
to 6-membered [saturated or aromatic heterocyclic ring system containing onetotwo 
he teioatomsselectedfromO ) S,andNCi^alkyl,saidfu se dringsystem . 
unsubstituted or substituted with one to two substituents selected from hydroxy 
ammo, fluorine, C1.4 alkyl, Ci_4 alkoxy, and trifluoromethyl. 

the process of the present invention comprises the step of 
hydrogenating a prochiral enamine of structural formula E: 

NH 2 O . 

, ' R iA^k 2 ;; ' ' "'■ 

"■: " : .. (») 

in a suitable organic solvent in the presence of a transition metal catalyst complexed 
to a chiral ferrocenyl diphosphine ligand of structural formula HI: 
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wherein R4 i s Ci_4 alkyl or aryl; . " ' 

R5 and R6 are each independently Ci-6 alkyl, C 5 -l 2 cycloalkyl, or aryl; and 
. R' is Q-4 alkyl or aryl. . 

The ligands of structural formula HI are known in the art as Josiphos 
ligands and are commercially available from Solvias AG, Basel, Switzerland. 

Tn one embodiment of the ligands of formula III usefiil in the process 
of the present invention, the carbon stereogenic center marked with an ** has the (/?)- 
configuration as depicted in formula IV: 



10 




. In another embodiment of the ligands of formula m useful in the 
process of the present invention, R4 is C 1 _ 2 alkyl, R5 and R6 are Ci_ 4 alkyl, and R7 
is phenyl. In a class of this embodiment, R4 j s methyl, R5 and R6 are r-butyl and R7 
is phenyl. The latter ligand is known in the art as Mjutyl Josiphos. Commercially 
available forms of the f-butyl Josiphos ligand are the S,R and R,S enantiomeric forms 
*,S-/-butyl Josiphos is{(/?)-l-[(5)-(diphenylphosphino)feiTocenyl]}ethyI-di-y e rr- 
butylphosphine of formula V below: . 
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The feiroceny] diphosphine ligands of formula III have two centers of 
asymmetry, and the process of the present invention is intended to encompass the use 
of single enantibmers, individual diastereomers; and mixtures of diastereomers 
thereof. The present invention is meant to comprehend the use of all such isomeric 
forms of the ligands of structural formula IE for the asymmetric hydrogenation of a 
compound of formula H. The facial enantioselectivity of the hydrogenation reaction 
will depend on the particular stereoisomer of the ligand that is employed in the 
reaction. It is possible to control the configuration at the newly formed stereogemc 
center in a compound of formula I marked with an * by the judicious choice of the 
chirality of the ferrocenyl diphosphine ligand of formula in. 

In one embodiment of the process of the present invention, R 1 is 
benzyl wherein the phenyl group of benzyl is unsubstituted or substituted one to three 
substituents selected from the group consisting of fluorine, trifluoromethyl, and . 
trifluoromethoxy. In another embodiment of the process of the present invention, Z is 
NR2r3. In a ciass of this embodiment, NR2r3 i s a heterocycle of the structural 
• formula VI: • 



N 



N 



(VI) 



N 



wherein R8 is hydrogen or C1.4 alkyl which is unsubstituted or substituted with one 
20 to five fluorines. • 

The asymmetric hydrogenation reaction of the present invention is 
carried out in a suitable organic solvent. Suitable organic solvents include lower 
alkanols, such as methanol, ethanoli isopropyi alcohol, and trifluoroethanol; 
tetrahydrofuran; methyl /-butyl ether; and aqueous mixtures thereof. 
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The reaction temperature for the reaction may be in the range of about 
20 ?C to about 90 °C. A preferred temperature range for the reaction is about 45 °C 
to about 65 °C. 

The hydrogenation reaction can be performed at a hydrogen pressure 
range of about 20 psi to about 1000 psi. A preferred hydrogen pressure range is about 
80 psi to about 200 psi. 

The transition metal catalytic species may be [M(cod)Cl]2, 
[M(norbornadiene)CI] 2 , [M(cod) 2 ]X, or [M(norbomadiene) 2 ]X wherein X is 

methanesulfonate, trifluoromethanesulfonate, tetrafluoroborate, hexafluorophosphate 
or hexafluoroantimonate and M is rhodium (Rh), iridium (Ir), or ruthenium (Ru) A ' 
preferred catalyst when M is Rh is [Rh(cod)Cl]2. 

The ratio of substrate to catalyst is about 0.01 to about 10 mol %. A 
preferred substrate to catalyst ratio is about 0.05 mol % to about 0.4 mol %. 

. The beta-amino acrylic acid derivative precursors contain an olefinic 
double bond, and unless specified otherwise, are meant to include both E and Z 
geometric isomers or mixtures thereof as starting materials. The squiggly bond in the 
substrate of structural formula H signifies either the Z or E geometric isomer or a 
mixture thereof . . . . 

the beta-amino acid substrates of formula II for me asymmetric 
hydrogenation reaction of the present invention can be prepared from a beta-keto acid 
ester or amide of structural formula VI by reaction with a source of ammonia in a 
suitable organic solvent such as methanol, ethanol, isopropyl alcohol, tetrahydrofufan, 
and aqueous mixtures thereof. 



O O 
(VI) 



NH 4 OAc 
MeOH 



NH 2 O 
(") 



. . Sources of ammonia include ammonium acetate, ammonium 
hydroxide, and ammonium formate. In one embodiment the source of ammonia is 
ammonium acetate. 

Another embodiment of the present invention concerns "a process for 
the preparation of a compound of structural formula 1: 



NH 2 O 



(1) 



R 8 



having the (/^-configuration at the stereogenic center marked with an ***; 

in an enantiomeric excess of at least 70% over the enantiomer having the opposite 

(S)-configuration, wherein 

Ar is phenyl which is unsubstituted or substituted with one to five substituents 
independently selected from the group consisting of fluorine, trifluorornethyl, and 
trifluoromethoxy; and 

R8 is hydrogen or Ci_4 alkyl unsubstituted or substituted with one to five fluorines; 
comprising the steps of: 

(a) producing a compound of structural formula 2: 

NH 2 O 

. ... . . Ar NAA N x^ N - 

(2) . 



R 8 



by treating a compound of structural formula 3: 

O O 



(3) 



N 



with, a source of ammonia hi a suitable organic solvent; and 
(b) hydrogenating a compound of structural formula 2: 

NH 2 O 
(2) 



0 



in the presence of a rhodium catalyst and a (*,S)-Josiphos ligand in a suitable organic 
solvent . 6 

In a class of this embodiment, Ar is 2,5-difluorophenyl or 2 4 5- 
tnfluorophehyl. In a subclass of this class, R8 is trifluoromethyl. '' ' 

u, „ « In an0ther Cl3SS ° f thiS emb ° c «ment, the rhodiurn catalyst is 
chloro(l,5^.yclooctadiene)modium(I) dimer {[Rh( G od)C!]2}. 

In another class of this embodiment, the (/f^-Josiphos ligand is R S-t- 
butyl Josiphos. In a subclass of this class, the rhodium catalyst is chloro(I,5- 
cyclooctadiene)rhodium(I) dimer. , • 

In yet another class of this embodiment, Ar is 2,5-difluorophenyl or 
2,4,5-tnfluorophenyl, R8 is trifluoromethyl, the rhodium catalyst is chloro(l 5- 
cyclooctadiene)rhbdiuma) dimer, and the (^-Josiphos ligand is ^-/-butyl 
Josiphos. ...... 

in another embodiment the compound of structurai formula lis 
obtamed with an enantiomeric excess of greater than 90%. In a class of this 
embodiment the compound of structural formula 1 is obtained with an enantiomeric 
excess of greater than 95%. . 

Compounds of structural formula 1 are disclosed in WO 03/004498 
(published 16 January 2003) as.inhibitots of dipeptidyl peptidase-IV which are useful 
lor the treatment of type 2 diabetes. 

A further embodiment of the present invention comprises structurally • 
novel mtermediates of structural formula 2 which are useful in the preparation of 
compounds of structural formula 1: 



NH 2 O 

< 2 , 



R 



a 



wherein Ar is phenyl which is unsubstituted or substituted with one to five 

substituents independently selected from the group consisting of fluorine, 
tnfluoromethyh and trifluoromethoxy; and. 

R8 is hydrogen or C1.4 alkyl unsubstituted or substituted with one to five fluorines. 
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In a class of this embodiment of novel intermediates of formula 2, Ar 
is 2,5-difluorophenyl or 2,4,5-trifluoropheriyi and R8 j s trifluoromethyl . . . 

. • Throughout the instant application, the following terms have.the 
indicated meanings: . 

5 The term *'* enantiomeric excess^' (abbreviated "ee") shall mean the 

% major enantiomer less the % minor enantiomer: Thus, a 70% enantiomeric excess 
corresponds to formation of 85% of one enantiomer and 15% of the other. The term 
"enantiomeric excess" is synonymous with the term "optical purity." ; 
..... . The process of the present invention provides compounds of structural 

10 formula I with high optical purity, typically in excess of 70% ee. In one embodiment 
compounds of formula I are obtained with an optica] purity in excess of 80% ee. In a 
class of this.embodiment, compounds of formula I are obtained with an optical purity 
in excess of 90% ee. In a subclass of this class, compounds of formula I are obtained 
with an optical purity in excess of 95% ee. 
15 . The term "enantioselecti ve" shall mean a reaction in which one 

enantiomer is produced (or destroyed) more rapidly than the other, resulting in the 
. • predominance of the favored enantiomer in the mixture of products. 

The alkyl groups specified above are intended to include those alkyl 
: groups ofthe designated length in either a straight or branched configuration 
20 Exemplary of such alkyl groups are methyl, ethyl, propyl, isopropyl, butyl, sec-butyl 
tertiary butyl, pentyl, isopentyl, hexyl, isohexyl, and the like. The alkyl groups are 
unsubstituted or substituted with one to three groups independently selected from the 
group consisting of halogen, hydroxy, carboxy, aminocarbonyl, amino, Ci_4 alkoxy 
and Ci-4 alkylthio. 

25 . The term "cycloalkyl" is intended to mean cyclic rings of alkanes of 

. . five to twelve total carbon atoms, or any number within this range (i.e.. cyclopentyl, 
cyclohexyl, cycloheptyl, etc). ' 

The term "halogen" is intended to include the halogen atoms fluorine, 
chlorine, bromine, and iodine. 

30 ' / abbreviation "cod" ^ means "1,5-cyclooctadiene." 

The term '"aryl" includes phenyl and naphthyl. "Aryl" is unsubstituted 
or substituted with one to five substituents independently selected from fiuoro 

hydroxy, trifluoromethyli amino, Ci^ alkyl, and Ci^ alkoxy. 

... The term "heteroaryl" means a 5- or 6-membered aromatic heterocycle 

35 that contains at least one ring heteroatom selected from O, S and N. Heteroaryls also 
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includeh,teroarylsfusedtootherldndsofnng^ . 
hete^tha^enotaromatic. Examples of heteroaryl groups include, but „ not 
limited to, pyrroiyl, isoxazolyl, isothiazolyl, pyrazolyl, pyridinyl, oxazolyl 12 4- 

oxadiazolyl, 1 S ^xadiazolyl, thiadiazolyl, thiazolyl, i mi dazo,yl, triazolyl', tetrazolyl, 
fury,,tna^^ ft 

benzoth,azolyl, benzothiadiazolyl, dihydrobenzofuranyL indolinyl, P vridaziny! 
mdazolyl, isoindolyl, dihydmbenzothienyl, indolizinyl, cihnolinyl, phthalazinyi 
qumazolinyl, naphthyridinyl, carbazolyl, benzodioxolyl, quinoxalinyl, purinyl ' 
furazanyl, isobenzylfuranyl, benzimidazolyl, benzofuranyl, benzothienyl, quinoly. 

^r^K^*^^ ? I ^^-ubsd t utedorsu b sdLi 
wuh one to five substrtuents independently selected from fluoro, hydroxy 

tnfluoromethyl, amino, C^alkyl, and Ci^alkoxy. - - . 

detail k , ^ SentatiVe e *P eri «™tal procedures utilizing the novel process are 
detaded below. For pUI poses of illustration, the following Example is directed to the 
preparanon 0*2=5, but doing so is not intended to limit the process of the present 
invents to the specific conditions for making this particular compound. 

EXAMPLE ' 




20 t2fi ^ aa ^ M ^^ 

l-f^^-trifluorophenv^Hutan-^-amin^ 
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Scheme 1 

O h 

1. CF 3 COOEt,CH 3 CN ^A.,.N^CH 2 CI 
NH 2 NH 2 .. - — : ; ■ • » . . F 3 C N Y 

2, CICOCH 2 CI. NaOH H A 



■ 1-1 



±2 



* H 2 N- 
MeOH 



O 

II HN^ ^r^'^x. 

HN^^ N - N ^ CF3 . MeOH, HCI, 5 5 °C i J,J 

L^nh h \ — ~r " . \ 

1-3 



HCI 

N 

N 



V4 



•. Step A: ' Preparation of bishydrazide (1-1) 

Hydrazine (20. 1 g, 35 wt% in water, 6.22 mol) was mixed with 3 10 
5 mL of acetonitrile- 31.5 g of ethyl trifluoroacetate (0.22 mol) was added over 60 min: 
The internal temperature was increased to 25 6 C from 14 °C, The resulting solution 
was aged at 22 - 25 °C for 60 min. The solution was cooled to 7 °C. 17.9 g of 50 
wt% aqueous NaOH (0.22 mol) and 25.3 g of chloroacetyl chloride (0.22 mol) were 
added simultaneously over 130 min at a temperature below 16 °C. When the reaction 

10 was complete, the mixture was vacuum distilled to remove water and ethanol at 27 ~ 
30 °C and under 26 ~ 27 in Hg vacuum. During the distillation, 720 mL of 
acetonitrile was added slowly to maintain constant volume (approximately 500 mL). 
The slunry was filtered to remove sodium chloride. The cake was rinsed with about 
100 mL of acetonitrile. Removal of the solvent afforded bis-hydrazide 1-1 (43.2 g. 

15 , 96.5% yield, 94.4 area% pure by HPU: assay). 

1H-NMR (400 MHz, DMSO-rfg): 8 4.2 (s, 2H),. 10.7 (s, 1H), and 1 1.6 (s, 1H) ppm.. . 
13C-NMR (100 MHz, DMSO : rf6):§ 41.0, 116.1 (q, J = 362Hz), 155.8 (q, J = 50 
Hz), and 165.4 ppm* 

20 StepB: Preparation of 5^trifluoromethvl)-2>(chloromethylVL3,4-oxadiazole 



11- 



Or2) 



coded «, 5 -C ^ ? M " A (43 ' 2 •«■ 0 2 1 m °'> * ACN (82 ml.) was 

900 ed to 5 C Phosphorus oxychloride (32.2 g, 0,21 ntol) was added, mai„,ai„ L 

- *e temperature below lot **^*tii^» K *J£ZZ 

.5 ""'Pcrature for 24 h un.il HPLC showed leas than 2 area% of ! 1 InTL 

C After .he add,uon, ,„e TOXlute was agitated vigorously for 30 min uK 

10 ZTr" ^ iDCreaSed *° KK>m - ,he ~ C - cu, The 

10 <*gatuc ^sta w^ wjth 2U ^ watt . 

assay yield after work ud was 86-95% v~io,i flru -. 
80mmH C 55°C,« J J ■ Vo,at,les removed by distillation at 75- 
5U mm Hg, 55 C to afford an cm! which could be used direct, v In <it» n -n 

1H-NMR (400 MHz, CDC1 3 ): 8 4.8 (s, 2H) ppm ' 

To a solution of ethylenediamine (33 i » n « • 

moOwhdekeep.ngftelu.erualtempera.urea.-ZO-C. After Ore addihoutal 
25 complete, the resuldug s.„rry was aged at -20 °C for 1 h Emanol (225 IT . 
charged and the slurry slowly warmed to-St Aft J 1 1 . ft ' **" 
fllteredandwasheOwitheUtLKaOn^la' "? C ' «" ^ 

1H-NMR (400 MHz, DMSO-dfc : S 2.9 (. 2H1 3 2 ,. ^77,' ™ 
Hz), 154.2, and 156.2 (q, J = 38 Hz) ppm. . 
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A suspension of amidine 1^3(27.3 g, 0:i3,mol> in 110 nit. of methanol 
was warmed to 55 °C. 37% Hydrochloric acid (11.2 mL, 0.14 mol) was added over 
IS min at this temperature. During the addition, all solids dissolved resulting in a 
clear solution. The reaction was aged for 30 min. The solution was cooled down to 
20 °C and aged at this temperature until a seed bed formed (10 min to 1 h). 300 mL 
of MTBE was charged at 20 °C over 1 h. The resulting slurry was cooled to 2 °C, 
aged for 30 min and filtered. Solids Were washed with 50 mLof ethanohMTBE (1:3) 
and dried under vacuum at 45 °C. Yield of triazole A was 26.7 g (99.5 area wt% 
purebyHPLC). 

1H-NMR (400 MHz, DMSO-rf 6 ): 8 3.6 (t, 2H), 4.4 (t, 2H), 4.6 (s, 2H), and 10.6 (b 
2H) ppm; 13 C -NMR (100 MHz, DMSO-d 6 ): 5: 39.4, 39.6, 41.0, 118.6 (q, J = 325. 
Hz), 142.9 (q, J = 50 Hz), and 148.8 ppm. 

Scheme 2 • 

O 

: '■ • ' fc- 

OH ©uCOCI, /Pr 2 NEt, 
DMAP, DMAc 





HCI 



HN-VN 
14 CF 3 




NH 4 OAc 
MeOH 



13- 



•<&OHi-SSa«H ,034903 




[Rh(cod)Ci] 2 , . 

R,S- f-Bu Josiphos, 

H 2 , MeOH, 200 psi, 50°C 




Step A: Preparation of 4-oxo-4-r3-ftrifiuoromethvn-5.6- 

dihvdron .2.41triazolor4.3-alDvrazin-7f8ffl-vn- 1.( 2 ,4^ - 
trifluorophenvDbutan-2-one (2-3) 

2,4,5-Trifluorophenylaceuc acid Q=X) (.150 g, 0.789 mol), Meldrum's 
acid (125 g, 0.868 mol), and 4-(dimethylamino)pyridine (DMAP) (7.7 g, 0063 mol) 
were charged into a 5 L three-neck flask. JV.W-Dimethylacetamide (DMAc) (525 mL) 
was added in one portion at room temperature to dissolve the solids. N,N- 
diisopropylethylamine (282 mL, 1.62 mol) was added in one portion at room 
temperature while maintaining the temperature below 40 °C. Pivaloyl chloride (107 
mL, 0.868 mol) was added dropwise over 1 to 2 h while maintaining the temperature 
between 0 and 5 °C. The reaction mixture was aged at 5 °C for 1 h. Triazole 
hydrochloride L4 (180 g, 0.789 mol) was added in one portion at 40-50 °C. The 
reaction solution was aged at 70 °C for several h. 5% Aqueous sodium 
hydrogencarbonate solution (625 mL) was then added dropwise at 20 - 45 °C. The 
batch was seeded and aged at 20 - 30 °C for 1-2 h. Then an additional 525 mL of 5% 
aqueous sodium hydrogencarboriate solution was added dropwise over 2-3 h. After 
aging several h at room temperature, the slurry was cooled to 0 - 5 °C and aged 1 h 
before filtering the solid. The wet cake was displacement-washed with 20% aqueous 
DMAc (300 mL), followed by an additional two batches of 20% aqueous DMAc (400 
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20 



25 



30 



^) : and fi na.l y water(400 m L). The cake was suction-dried at room texture 
The isolated yield of final product 20 was 89%. 

§mMl Preparation of r?z>-4-n,n-4- rV ^n UOmmftthvn .^, . 

dihydrori.^ltriazoln^ ^- ^ pvrazin-VirR^-vn.i.^^ s . 
tnfluorophenvi^but^-en-?.^^.,^^ ■ 

A 5 L round-bottom flask was charged with methanol (100 mL) the 
£oam^^ Methanol (180 mL) and 

28% aqueous ammonium hydroxide (58.6 mL) were then added keeping the 
temperature below 30 °C during the addition. Additional methanol (100 mL) was 
added tothe reaction mixture. The mixture was heated at reflux temperature and aged 
for 2 h The reactum was cooled to room temperature and then to about 5 °C in an 

§m£l Preparatiou of (mz^Sj^ jMSmmmD^ 

dihYdrorL2.41tri a ^nInrA ^^ ) DVr a zjn . 7 ^ ^. vn i _ (2 4 £ 

trifluorophe nvnbutan-'?- i uhitte( 2- < >) 

Into a 500 ml flask were charged chlorod 5- 
cyclooctadiene)rhbdium(I) dimer ([Rh(cod)Cl] 2 }(292mg, LlS mmoO and^^.- 
butyl Josiphos (708 mg, 1.3 mmol) under a nitrogen atmosphere. Degassed MeOH 
was the, padded (200 mL) and the mixture was stirred at room tempel. fo Tl h 

wu^ MeoXrr: r char8 !f the enamine m ms * 029 moi > ^ 

with MeOH (1 L). The slurry was degassed. The catalyst solution was then 
transferred to the hydrogenator under nitrogen. After degassing three times the 
enamine amide was hydrogenated under 200 psi hydrogen gas at 50 °C for 13 h 
•Assay yield was determined by HPLC to be 93% and optical purity to be 94% ee 

The optical purity was further enhanced in the following manner The 
methanol solution from the hydrogenation reaction (18 g in 180 mL MeOH) was 
concentrated and switched to methyl r-butyl ether (MTBE) (45 mL^ Tnm thJ« 
so.uoon was ^ aqueous H3PO4 aoh/on (0 . 5 ffSSf iS^rf *. 

w,h MTBE (ISO ntf. + .00 ni). The MTBE sotaion was concentrated and solvent 
inched to ho, toiuens ( I8 0 hd, abou, 7 5 -Q. The ho, Wuene sotaion was *e„ 
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allowed to coo. to 0 °C slowly (5 - 10 h). The crystals were isolated by filtration (13 
g,yield72%,98e99%ee);m.p.H4.1-1157oc ' 

SvT.T; CD3CN>: 6 7 (m> * 7 (m) ' 4 (S) ' 4 89 » 414 WL 3-95 
(ra), 3.40 (m), 2.68 (m), 2.49 (m), 1.40 (bs) 

Compound i5 exists amide bonders. Untea indicated. „e major and minor 

»."«« !; ,f 8 W - 29.5. 20.9 Hz), 

SU. 44.8, 44.3 (mtnor), 43.2 (minor), 42.4, 41.6 (minor), 41.4, 39.6, 38.5 (minor). 

The following high-performance liquid chromatographic (HPLO 
condtuona were uaed to determine pe TO „ t conversion to product: 



Column: 
Eluent: 



35 



Waters Symmetry CIS, 250 mm x 4.6 mm 
Solvent A: 0.1 vol% HC104/ft 2 0 • 
Solvent B: acetonitrile 
Gradient: . 0 min 75% A : 25% B 

10 min 25% A : 75% B 

12.5 min 25% A: 75% B. 

15 min 75% A : 25% B 
Flow rate: 1 mL/min 
Injection Vol.: 10 nL 
UV detection: 210 nm 
Column temp.: 40 °C 

Retention times: compound 9.1 min 

compound Jb5: 5.4 min 
/Bu Josiphos: 8.7 min 

^ f ° IIOWing high -P erfonnan ce liquid chromatographic (HPLC) 
condmons were used to determine optical purity- 
Column: Chirapak, AD-H, 250 mm x 4.6 nim 
Eluent: . Solvent A: 0.2 vol.%.diethyIamine in heptane • . 

Solvent B: 0.1 vol% diethylamine m ethanol 
Isochratic Run Time: 18 min 
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Flow rate: 6.7 mL/min 
Injection Vol.: 7 fiL 
UV detection: 268 nm 
Column temp.: 35 °C 
5 . Retention times: (famine 1^5: 13:8 riiin 

(S)-amine 1^: 11.2 min 
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WHAT IS CLAIMED IS: 

1. A process for preparing a compound of structural formula I: 

NH 2 O 

•• "- . " (0 *•'• . ' ' •' 

having the (/?)- or (5)- configuration at the stereogenic center marked with an *• V 
ma* ienantiomeric excess of at least 70% over the opposite enantiomer, wherein 
Z 1S OR2, SR2 orNR2R3 ; . . 

R> is C!_ 8 alkyl, aryl, heteroaryl, aryI-Ci. 2 alkyU or heteroaryl-Ci- 2 alkyl- 
R2 and R3 are ea ch independently hydrogen, Q-g alky], aryl, or aryl-Ci_ 2 alkyl; or 
R2 and R3 together with the nitrogen atom to which they are attached form a 4-.to 7 
membered heterocyclic ring system optionally containing an additional heteroatom 
, selected from O, S, and N Cl . 4 alkyl, said heterocyclic ring system being optionaHy 
fused with a 5- to 6-membeied saturated or aromatic carbocyclic ring system or a 5- 
to 6-membered saturated or aromatic heterocyclic ring system containing one to two 
heteroatoms selected from O, S, and NC^ alkyl, said fused ring system being 
. unsubstituted or substituted with one to two substituents selected from hydroxy 
amino, fluorine, Ci^ alkyl, Ci^alkoxy, and trifluoromethyl; . 
• comprising me step of hydrogenating a prochiral enamine of structural formula H: 

NH 2 O 

• •'• (II) 

20 in a suitable organic solvent in the presence of a transition metal catalyst complexed 
to a chiral ferroeenyl diphosphine ligand of structural formula HI: 




wherein R4 is Ci^ alkyl or aryl; 

R5 and R6 are each independently Cl 6 aikyl, C 5 -12 cyclbalkyl, or aryl; and . 
R7 is Cj-4 alkyl or aryl. 

2. The process of Claim 1 wherein said ferrocenyl diphosphine 
ligand is of structural formula IV: 




wherein the stereogenic center marked with an ** has the (tf)-configurat, 



ion. 



3. The process of Claim 2 wherein R4 i s Ci- 2 alkyl,R5 and R6 
are Ci_4alkyl, and R7 is phenyl. : 

4. The process ofClaim 3 wherein R4.is methyl, R5 and R6 are 
r-butyl, and R7 is phenyl. . . . 

5. The process of Claim 1 wherein Rl is benzyl wherein the 
phenyl group of benzyl is unsubstituted or substituted one to three substituents 
Selected from the group consisting of fluorine, trifluoromethyl, and trifluoromethoxy. 

6. The process of Claim 1 wherein Z is NR2R3. 



HSPV 



7. The process of Claim 6 wherein NR2R3 i s a heterocycle of the 
structural fonnula VI: 



b8 

< VI > / 

wherein R8 is hydrogen or C1.4 alkyl which is unsubstituted or substituted with one 
. 5 to five fluorines. 

8. The process of Claim 1 wherein said transition metal catalyst is 
. [M(cod)Cl]2, [M(norbomadiene)Cl]2, [M(cod)2]X, or [M(norbornadiene)2)X 

• wherein X is methahesulfonate, trifluoromethanesulfonate; tetrafluoroborate, 
10 hexafluorophospliate, or hexafluoroantimonate and M is rhodium, iridium, or 
ruthenium. - ' 
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9. The process of Claim 8 wherein said transition metal catalyst is 
[Rh(cod)Cl] 2 . . 

10. A process for preparing a compound of structural formula 1 : 
NH 2 O 



d) 



. R 8 



having the (/^-configuration at the stereogenic center marked with an ***; 
in an enantiomeric excess of at least 70% over the enantiomer having the opposite 
20 (^configuration; wherein ' 

Ar is phenyl which is unsubstituted or substituted with one to five substituents 
independently selected from the group consisting of fluorine, trifluoromethyl, and 
trifluoromethoxy; and 

' R8 is.hydrogen or Q.4 alkyl unsubstituted or substituted with one to five fluorines; 



20 



comjprising the step of: 

hydrogenating a compound of structural formula 2: 




in the presence of a rhodium catalyst and a (7?,5)-Josiphos ligand in a suitable organic 
solvent. 

.11. The process of Claim 10 additionally comprising the step of 
producing a compound of structural foniiula 2: 




. * - *• 

by treating a compound of structural formula 3: 

O O 

.. . ^nAA^n'. • 

R 8 

with a source of ammonia in a suitable organic solvent. 

12. The process of Claim 10 wherein Ar is 2,5-difluorophenyl or 
2,4,5-trifluoirophenyl and R8 is trifluoromethyl. 

13. . The process of Claim 10 wherein said rhodium catalyst is 

[Rh(cod)Cl] 2 . 



14. The process of Claim 10 wherein said (J?,SHo 5 iphos ligand is 
R,S~t-butyl Josiphos. . 

* n,u, ^™ 15 ' The P^ess of Claim 14 therein said rhodium catalyst is 
j .lKn(cod)Cl]2. • 



, 4 , rfl ! 6 - ™ e Process of Claim 10 wherein Ar is 2,5-difluorophenyl or 
2,4,5-tnfluorophenyl, R8 is trifluoromethyl, said rhodium catalyst is [Rh(cod)Cl] 2 
and said (/?,5)-Josiphos ligand is ic,S-f-butyl Josiphos : 

TO 

,17. The process of Claim 11 wherein said soiirce of ammonia is 
ammonium acetate. 

18. A process for preparing a compound of structural formula 1: 
NH 2 O 



.15 (1) 



having the (^-configuration at the stereogenic center marked with an ***• 
in an enantiomeric excess of at least 70% over the.eharitiomer having the opposite 
. (^-configuration; wherein 

Ar is phenyi which is unsubstituted or substituted With one to five substituents 
20 independently selected from the group consisting of fluorine, trifluoromethyl, and 
trifluoromethoxy; and 

R8 is hydrogen or C1-4 alkyl unsubstituted or substituted with one to five fluorines; 
comprising the steps of: 

(a) producing a compound of structural formula 2: 

NH 2 O 
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by treating a compound of structural formula 3: 



O O 



N 



R 8 . 

. with a source of ammonia in a suitable organic solvent; and 
(b) hydrogenating a compound of structural formula 2: 

• • , , NH 2 O 



(2) 



» o 



R 8 



in. the presence of a rhodium catalyst and a (rt,S)-Josiphos ligand in a suitable organic 
solvent. • 
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TITLE OF THE INVENTION 

PROCESS TO CH3RAL BET A- AMINO ACID DERIVATIVES BY 
ASYMMETRIC HYDROGENATION 
5 * ' ; 

ABSTRACT OF THE DISCLOSURE 

The present invention relates to a process for the efficient preparation 
of enantiomerically enriched beta-amino acid derivatives which are useful in the 
asymmetric synthesis of biologically active molecules. The process comprises an 
10 enantioselective hydrogenation of a prochiral beta-amino acrylic acid derivative 
precursor in the presence of a rhodium catalyst complexed with a chiral ferrocenyl 
diphosphine ligand. 
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